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1. Hemp Market Research 

 

1.1  Hemp Overview 

Hemp is a cannabis plant with a THC (the psychoactive chemical) content less than or equal to 0.3% on a dry 

weight basis. The 2014 Farm Act federally legalized the cultivation of hemp in states in which state legislatures 

allow it.  

 

Hemp is grown in more than 30 countries worldwide. China is the dominant producer in the global hemp 

market, accounting for nearly 150,000 acres in 2011. Europe remains an important player in the global hemp 

market, growing over 50,000 acres in 2011. Canada is emerging as a growing influence on the global hemp 

production and trade. FAO data estimated there to be 200,000 acres of hemp grown in Europe and China, 

with another 100,000 acres in Canada.  Hemp is grown in significant amounts in China, Canada and Eastern 

Europe. Chinese hemp seems to be mostly consumed domestically or otherwise in Asia while Canada and 

Europe export raw hemp and especially intermediate and final hemp products to the United States.  The 

United State’s cultivation is limited.  The three largest states are Kentucky, Colorado and Tennessee.  In 

Kentucky, production totaled 33 acres in 2014, with 14 growers and 6 universities participating.  For 2015, KDA 

approved 1742 acres with 922 acres actually planted by over 120 pilot program participants, including nearly 

100 growers, 7 universities and 20 processors.  In 2016, the approved acres swelled to 4,500 acres among 

179 accepted applicants, including 137 growers and 42 approved processors.   In Colorado, 259 registrations 

applied for 1811 acres in 2014.  Registrations increased to over 300 in 2015 for 3670 acres.  The regulatory 

patchwork of hemp also differs in the United States.  For example, in Colorado, only the cultivation of hemp is 

regulated whereas in Kentucky, processors of hemp must too be regulated.   

 

The economics of hemp production and consumption are not yet well established.  In the United States, hemp 

production is an infant industry subject still to a patchwork of different state regulations.  2015 constituted the 

first widely legal crop year. Approximately 6,000 acres were registered for cultivation that year. Current 

forecasts are for 20,000 acres of hemp to be farmed in 2016. There are 27 U.S. states that have authorized 

hemp production but only about 15 of them have funded regulatory programs.  
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As a matter of biology, hemp can be grown in every federal state. Production was centered in the tobacco 

growing states of Kentucky and Tennessee and the marijuana growing state of Colorado.   

Hemp production is characterized by segmentation, with different strains of hemp not lending themselves 

easily to substitution across uses. There are three main verticals for hemp, organized roughly in ascending 

order by value of end products:  

 

(i) Seed: Hemp seeds can be consumed by humans whole or can be hulled to expose the seed 

meat, where the crunchy outer shell removed is removed. Cold-pressed, unrefined hemp oil is light 

green, with a nutty grassy flavor. After the hemp seed has been crushed for oil, the remaining 

product contains 25% protein and is a good source of dietary fiber. 

(ii) Fibrous stalks: The stalk is separated between the fiber and the inner woody-like hurd.  

(iii) CBD Whole Plant Extract: Whole plant hemp oil is a mixture of fatty acids, plant sterols, Vitamin E 

and phyto-cannabinoids including CBD. 

	
Consumption patterns are far better established than domestic production patterns because processed hemp 

has been eligible for importation into the United Sates for a number of years, whilst domestic cultivation has 

only been legal since 2014.  Consequently, hemp hearts have been for sale at Whole Foods for some time, 

hemp is used in athletic footwear in the U.S, and CBD oil is sold online.  The US is the predominant consumer 

of hemp and many businesses have been actively researching the applications of hemp.   

 

Horticulture tends to emphasize differentiating hemp plants by their usefulness in the above verticals, although 

there are ‘dual’ use hemp cultivars.  More than most agricultural products, the demand avenues of hemp are 

by-and-large active in non-adjacent verticals. Fiber has use in industrial products. Oilseeds are 

predominantly used in human and animal nutrition – hemp seeds and oils often being premium priced health 

foods. Cannabinoids are processed for use in nutraceuticals and topicals.  
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The current licensing system for production in the United States tends to favor small producers since industrial 

hemp technically operates within a ‘pilot’ or ‘research’ program.  Probably as a result of the newness of 

domestic production and the cost of imports, hemp still seems to be consumed as a specialty input. The ABCD 

Ag merchandizers are not involved in the hemp market in a significant way and no other entity dominates.     
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2.2  Hemp Legal Overview 

As defined by the Agriculture Act of 2014, hemp is any cannabis plant with a THC (the 

psychoactive chemical) content less than or equal to 0.3% on a dry weight basis. It has been 

established in U.S. Federal Court that the Controlled Substance Act does not have jurisdiction 

over hemp because Congress “did not intend to regulate commerce in non-psychoactive 

cannabis”. Non-germinable hemp seed and other hemp products may be bought or sold without 

restriction anywhere in the United States and can be transported freely across state lines.  

Germinable hemp seed must be imported with a DEA license.  For a number of years, hemp in 

many different processed forms has been imported, principally from Canada, China and Europe 

into the United States. Domestically, hemp is processed into numerous different end products, 

and hemp-based products for personal and industrial use have well-established markets in the 

United States.  

 

The 2014 Agriculture Act established a national “pilot program” that allowed individual states to 

establish programs for cultivation of hemp provided that the states had effective programs for 

assuring that the plantings were indeed hemp (have 0.3% THC or less).  The 2014 Farm Act 

federally legalized the cultivation of hemp in states in which their state government legislatures had 

implemented an appropriate regulatory scheme.  In 2015, the first year of legalized cultivation, 

hemp was grown in nine states.  As of May 2016, a total 29 states had approved the necessary 

infrastructure that will allow them appropriately to monitor the cultivation of hemp.  Hemp products 

are legal in all 50 States.   

 

As a result of a patchwork of regulation, the US federal government has delineated two categories 

of cannabis, for which regulation differs greatly.  

 

(a) Marijuana is defined as any species of cannabis with a THC content (Delta-9-

tetrahydrocannabinol or Delta-9-THC is the primary psychoactive component in 

cannabis) greater than 0.3% on a dry weight basis. The Controlled Substance Act adopted 

the definition of marijuana wholesale from the Marihuana Tax Act and reads that marijuana 

is “all parts of the plant Cannabis sativa L., whether growing or not; the seeds thereof; the 

resin extracted from any part of such plant; and every compound, manufacture, salt, 

derivative, mixture, or preparation of such plant, its seeds or resin.  Such term does not 

include the mature stalks of such plant, fiber produced from such stalks, oil, or cake made 

from the seeds of such plant, any other compound, manufacture, salt, derivative, mixture, 
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or preparation of such mature stalks (except the resin extracted therefrom), fiber, oil, or 

cake, or the sterilized seed of such plant which is incapable of germination.” 

(b) Hemp is defined as any species of cannabis with THC content below 0.3% on a dry 

weight basis.  With the passage of the Controlled Substances Act (CSA) in 1970, 

Congress made it illegal to cultivate hemp plants or process viable seeds, however “such 

term does not include the mature stalks of such plant, fiber produced from such stalks, oil, 

or cake made from the seeds of such plant, any other compound, manufacture, salt, 

derivative, mixture, or preparation of such mature stalks (except the resin extracted 

therefrom), fiber, oil, or cake, or the sterilized seed of such plant which is incapable of 

germination.”  The legality of importing and transporting across state lines hemp products, 

including non-viable hemp seed, hemp meal, hemp seed oil, hemp fiber, hemp hurd and 

CBD oil was reinforced in Hemp Industries Association v. DEA, 2004.1  The Court 

reiterated that Congress’: “Intent to exclude non-psychoactive hemp from regulation is 

entirely clear…[DEA] cannot regulate naturally occurring THC not contained within or 

derived from marijuana – i.e., non-psychoactive hemp products – because non-

psychoactive hemp is not included in Schedule I.  The DEA has no authority to regulate 

drugs that are not scheduled, and it has not followed procedures required to schedule a 

substance.”2 

 

Section 7606 of the 2014 Farm Bill act, Legitimacy of Industrial Hemp Research, defines 

industrial hemp as distinct and authorizes institutions of higher education or state 

departments of agriculture in states that legalized hemp cultivation to conduct pilot 

programs.  Each state that allows hemp farming may promulgate its own regulations 

regarding industrial hemp research and pilot programs.  Varieties of cannabis with more 

than 0.3% THC on a dry weight basis are not authorized under Section 7606.  In order to 

be in compliance, the farmer must be certified by and registered with the State department 

of agriculture.  Section 7606 authorizes "agricultural pilot programs" which "study the 

growth, cultivation, or marketing of industrial hemp."  

 

Specialist hemp counsel, Jonathan Miller, states that: “The 2014 Farm Bill mandate is both 

limited in its reach, and sweeping in its impact. It is limited to the extent that the use and 

production of industrial hemp is strictly restricted to pilot programs overseen by state 

																																																								
1 Note that in 2001, the DEA had clarified the status of hemp in the Federal Register and affirmed that it is legal to import 

and to cross state lines.  
2 https://www.votehemp.com/PDF/HIAvDEA_9th_final_decision.pdf 
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departments and institutions of higher education, and/or their contractual designees. It is 

sweeping to the extent that if industrial hemp is grown or cultivated within this context of 

duly-registered plots, all federal laws that would otherwise restrict, regulate or prohibit the 

use of or production of industrial hemp are “not-withstood.”” 

 

The same laws apply to import as those to cross state lines.  Thus, since there has been 

no exclusion of industrial hemp from the Controlled Substance Act, hemp plants, hemp 

flowers and germinable cannot cross state lines without a permit from the DEA.   The FY 

2016 Omnibus Appropriations Bill specifies that “none of the funds made available by this 

Act or any other Act may be used – (1) in contravention of section 7606 of the Agricultural 

Act of 2014 in contravention of section 7606 of the Agricultural Act of 2014 (7 U.S.C. 5940); 

or (2) to prohibit the transportation, processing, sale, or use of industrial hemp that is 

grown or cultivated in accordance with subsection section 7606 of the Agricultural Act of 

2014, within or outside the State in which the industrial hemp is grown or cultivated.”  

 

In the media, there has been an increasing focus on cannabidiol (CBD).  The Controlled 

Substances Act (CSA) lists "Tetrahydrocannabinols" and "marijuana" as Schedule I drugs 

under the Controlled Substances Act, however cannabidiol is not. THC is defined as either 

Delta-1 cis or trans tetrahydrocannabinol, and their optical isomers; Delta-6 cis or trans 

tetrahydrocannabinol, and their optical isomers; Delta-3, Delta-4 cis or trans 

tetrahydrocannabinol, and its optical isomers.  CBD is biologically non-psychoactive and 

as reiterated in Hemp Industries Association v. DEA, 2004, Congress’: “Intent [was] to 

exclude non-psychoactive hemp from regulation is entirely clear…[DEA] cannot regulate 

naturally occurring THC not contained within or derived from marijuana – i.e., non-

psychoactive hemp products – because non-psychoactive hemp is not included in 

Schedule I.  The DEA has no authority to regulate drugs that are not scheduled, and it has 

not followed procedures required to schedule a substance.” CBD is not only non-

psychoactive by actually attenuates the effects of THC .  As such, the current intransigent 

position towards hemp in the US is essentially doctrinal rather than rational. 

 

The FDA has also entered the foray of CBD. While the FDA has no jurisdiction over the 

base legality of CBD (which is up to the Department of Justice), it has repeatedly 

demonstrated its position the legality of CBD, albeit passively, through various 

communications regarding the compound. In March 2015 and again in February 2016, the 

FDA announced that that it had sent warning letters to a group of online retailers of CBD 
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products for making false claims about the CBD content of their products; of the products 

tested, the FDA concluded that most did not live up to their labeling, and many didn’t 

contain any cannabinoids at all. In addition to the mislabeling warnings, the FDA warned 

the companies that various claims on their website established that the companies were 

marketing their CBD products as drugs, by directly or indirectly proposing them with 

intended use for the cure, mitigation, treatment, or prevention of disease.   

 

The March 2015 letters were interpreted as good news by reputable players in the 

industry: The FDA was cracking down on false labeling and unauthorized claims of CBD’s 

medical properties by unscrupulous competitors; there was no indication in the letters that 

CBD was illegal (or a scheduled drug).  

 

In the 2016 letters, the FDA firmly denied that CBD products can be sold as a dietary 

supplements.  The FDA alleged that the products ran afoul of the “drug exclusion” clause 

of the FD&C Act due to “the known existence of at least two investigational new drug 

applications (INDs) filed by companies studying the therapeutic effects of CBD.”  Most 

industry players strongly disagree with the validity of the FDA opinion and is yet to take any 

action.  The lowest common denominator is that CBD is simply a food oil.   

 

To be absolutely clear, Seed CX and its subsidiaries have nothing to do with marijuana production, 

processing, trading, merchandizing or consumption. 
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1.3    Hemp Seed  

2.3.1  Processing stages 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grain drying: the grain is dried almost immediately as it comes off of the field.  At the time of 

harvest, the hempseed moisture content is typically 15-20%.  If the grain is not dried quickly, it can 

serve as a good source for microbes leading to pathogens damaging the seed (e.g. its 

germination rate is lower). The final moisture content of hempseed for storage and pressing 

should be below 10%.  Anything higher has the propensity for mold.     

 

The delicate flavors in hempseed oil result primarily from volatile terpenes.  Thus, it is extremely 

important to dry hempseed slowly, and at low temperatures (< 25 degrees celsius), to its target 

moisture content of just under 10%.  Fast drying, especially at elevated temperatures, not only 

makes control of seed moisture difficult, but also results in a subsequent loss of the delicate 

flavors.   

 

Seed cleaning: The grain cleaning machine has various layers and sieves over which the seed 

passes over.  Green seed is considered undeveloped.  Cracked seed is grain that is excessively 

mature.  Hemp seed in particular has a lot of twigs and fiber collected as the seed is collected 

using a combine harvester. There is usually a degree of waste grain per flower, which does not 

meet standards, given that the bottom of the flower develops first, which is where the cracked 

seeds will come from.  Equally, the top of the flower is the least mature and will contain some 
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green seeds when harvested.  Some farmers have their own seed cleaning facilities or use a seed 

cleaner.  Seed cleaners are most common in ‘grain country’ i.e. Idaho, Oregon and Washington.  

Sterilization:  Germinable Seed becomes non-germinable seed by sterilization which includes 

irradiation, steaming (subsequently have to dry the moisture of the seed back down) or roasting. 

De-hulling: this is a process of spinning the seed so that the outer kernel cracks and falls off.  

What is left is the hemp ‘heart’.  This is somewhat of a skill and science to determine the precise 

strength which which the seeds need to be spun.  Yields vary but range between 40%-70%.  

Pressing: the seed is pressed to extract the oil and the meal, which are siphoned off.  

 

Because hemp produces oil seeds, special care is required for storage. Initially, the seeds can be 

stored in thin layers only and must be turned frequently. Hempseeds burst easily and can quickly 

become rancid or germ-infested. Loss of germination potential can be avoided if seeds are kept in 

cold storage (0-5°C or 32-40°F) with a very low humidity level. Hemp is currently stored in dry 

bins and plastic storage bags in cool areas.  Under these conditions, a germination rate (once 

planted) of 80% can be maintained, even in the second year. Through storage below -10°C 

(14°F), the germination rate of the seeds can be as high as 90% after 5-6 years. Seeds imported 

and sold across US federal lines must however be sterilized, which means that they are incapable 

of germinating.  

 

3.2.2 Hemp Seed  

Hemp grain is an exceptionally good source of nutrition (Callaway, 2004; Deferent & Pate, 1996).  

Hemp seeds can be consumed by humans whole or can be hulled to expose the seed meat, 

where the crunchy outer shell removed is removed. 

 

Hemp seeds are an excellent nutritional source for both humans are animals since: 

 

§ Hemp seeds are rich in Essential Fatty Acids (EFAs).  The “Omega-6” LA component is 

present at about 55% and “omega 3” alpha-linolenic acid occurs at about 20%.  Pertinently, 

Hemp seed does not contain gluten, which makes it an important source of vegetable protein 

for people who suffer from coeliac disease, an auto-immune based gluten intolerance disorder 

of the small bowel that affects approximately 1% of Indo-European populations (Collin, 1999).   

§ Hemp seed is very rich in protein.  Protein concentrations vary between whole hempseed (ca. 

25%), de-hulled hempseed (ca. 45%), soy bean (ca. 32%) and egg white (ca. 11%).    

§ Another important fact to keep in mind is that hempseed and egg white lack the anti-nutritional 
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trypsin-inhibiting factors that are found in soy and many vegetable products.  This means that, 

like egg white, a greater proportion of the protein found in hempseed is digested and available 

for absorption.   

 

However, it is important to note that as with most vegetable proteins, hempseed is considered to 

be low in essential amino acid lysine, and is therefore not sufficient as the sole source of dietary 

protein for children under 10 years of age, according to FAO/WHO essential amino acid 

requirements (WHO & FAO 1995).  

 

Well understood testing procedures exist for edible seeds.  A specific test for hemp seed is to test 

for the presence of gluten.  Hemp seeds gluten are gluten free.  Conversely, many other seeds 

including wheat do contain gluten.  The gluten test is a proxy for purity since a seed cleaner 

cannot separate hemp seed to many other seeds if they share the key variables on which a seed 

cleaner works including the size, weight and shape of the seed. 

3.2.3 Hemp Seed Oil  

 

Hempseed oil is obtained by pressing hempseeds and is a good oil and dietary supplement.  

Hempseed oil that is for human consumption is ideally produced from fresh, well-clean seed 

seeds that were air-dried at low temperatures (< 25 degrees Celsius) over several days or 

weeks.   Notably, one tablespoon per day (15 ml) of hempseed oil easily provides human daily 

requirements for EFAs.  Since hempseed oil has a relatively low smoke point, it is not suitable for 

frying.  Hemp seed oil exhibits an excellent ratio of “Omega-6” LA and “omega 3” alpha-

linolenic acid.  Due to the metabolic competition between the two EFAs of for access to the rate-

limiting enzyme delta-6, the significance of an appropriate dietary ratio of these fatty acids is 

important to consider in any discussion of general health.  However, some caution should be given 

toward over emphasizing this element.  Notably, only a decade ago, an optimal LA to ALA (n-6/n-

3) ratio was considered to be somewhere between 5:1 and 10:1 (WHO & FAO, 1995).  Soybean oil 

was popular and promote as a healthy oil by the food industry and the agricultural community at 

the time, apparently because its ratio (about 7:1) is within that range.  However, more recent 

considerations suggest an optimal n-6/n-3 ratio to be somewhere between 2:1 and 3:1, which 

reflects the ratio found in the traditional Japanese and Mediterranean diets, where the incidence of 

coronary heart disease was historically low. In most commercial hempseed oils, the n-6/n-3 ratio 

is typically near 2.5:1 (i.e. the percentages of LA divided by ALA) is considered an ideal value for 

their efficient and simultaneous metabolic conversion.   
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Hemp seed has a clear advantage over flaxseed oil, which typically contains about 60% of ALA, 

but lacks both GLA and SDA.  Conversely, hempseed oil tends to have just over 20% of ALA .  An 

excess of ALA can disturb the human metabolic balance of fatty-acid metabolism by leaving a net 

deficit in “omega-6” metabolites, which are derived from dietary LA.   

 

To date, no reports exist of allergic reactions to hempseed oil.  However, it is important to note that 

hempseed is technically a nut, and one of the proteins in hempseed is albumin, so those with nut 

and/or egg allergies must be cautious when trying hempseed foods.  

 

The primary non-food industrial use for hempseed oil originates from its high level (approximately 

80%) of polyunsaturated fatty avids (PUFAs), which readily polymerize upon exposure to 

atmospheric oxygen.   Such ‘drying oils’ are useful for the production of paints, varnishes, 

sealants and such durable goods as floor coverings.  Highly unsaturated vegetable oils from hemp 

could also serve as hydrocarbon feed stocks for the production of plastics, glues and resins, in 

much the same way as plastics that are presently derived from petroleum.  Hempseed oil has a 

clear advantage over other oil seeds.  Since polymerization occurs more thoroughly with an 

increasing number of double bonds, the greater amount of unsaturated fatty acids in other seed 

oils, including flaxseed, results in a harder, more brittle quality in the dried product. Therefore, 

flaxseed based paints, coatings and sealants tend to eventually crack after a few years, while 

similar products from hempseed oil remain pliable for longer periods of time.  

 

Hempseed oil has also found some limited use in body care products, particularly as an additive to 

soaps and shampoos.  Unfortunately, most products seek to gain value by simply stating the 

presence of hemp oil on the label, rather than having much of it present as a physical component.  

The idea of adding hempseed oil to a soap or shampoo does have appeal.  However, without 

adequate precautions taken during formulation and packaging, these highly unsaturated 

hydrocarbons will oxidizes faster than vegetable soaps made from palm of olive oils.  Such an 

oxidized product, containing oil polymers may leave a residual greasy feeling on the skin, which 

can be difficult to completely rinse away.  On the other hand, EFAs and especially GLA and SDA, 

do find a demonstrated utility in skin creams and moisturizers, provided that these PUFAs are not 

oxidized before they are applied. Although triglycerides do not penetrate healthy skin to any 

extent, they do promote the healing of dry and damaged skin, where blood vessels are closer to 

the contact surface and PUFAs can act directly on locally damaged epidermal tissues.   
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In terms of storage, the preferred containers for bulk oil storage, after pressing, are made of 

glazed-metal ceramic, or glass.  After bottling, hemp seed should be protected from the light and 

stored at the coldest temperature possible.  There is no risk of oil expansion and subsequent 

container damage since hemp seed oil only solidifies at exceptionally low temperatures (< - 20 

degrees Celsius).   As with any polyunsaturated oil, oxidation is a concern.  This is because its 

unsaturation is a structural feature that makes it both highly nutritious and chemically unstable 

(deMan, 2000).   This vulnerability is not unique to hempseed oil, but is characteristic of any 

unsaturated oil, and is determined primarily by the degree of unsaturation of each of its 

component fatty acids, and the percentages of such compounds within the oil.  

 

Oxidation is a concern for hemp seed oil and thus it is widely suggested that the hempseed 

already be under inert atmosphere before it reaches the press head.  It is suggested that this inert 

atmosphere is maintained throughout the processing until the oil is bottled and capped.  However,  

this ideal scenario of pressing in an inert atmosphere, which extends the shelf life of the product, is 

rarely the case and thus processors and distributors will state a “best before” date. 

 

In terms of processing, food-grade hempseed oil for human consumption is cold-pressed from 

hempseed (i.e. small-scale screw presses operating at 40-50 degrees Celsius).  The oil is 

allowed to settle for at least one to two weeks, and is then decanted into smaller containers for 

retail sales.  Larger screw presses are used for “industrial” production, and the more successful 

operations filter the fine sediment directly into bulk 1000 Liter containers rather than wait for gravity 

sedimentation.  Bulk hydraulic pressing offers a viable economic alternative to cold-pressing for 

food grade hempseed oil, providing that subsequent processing is under inert atmosphere.   

 

Pressing is almost exclusively the extraction method.  Note however, that solvent extraction is 

used for inexpensive industrial processing of many vegetable oils, although the defatted meal is 

not suitable for human food because residual solvents (typically hexanes) contaminate the final 

product.  

 

Good-quality, cold-pressed hempseed oil has a clear green to olive color, and ideally possesses 

a fresh nutty taste and smell.   The major organoleptic properties in fresh hemp seed oil are citrus, 

mint and pepper compared to degraded hempseed oil of pain, fruity and rope. Fungal infection of 

seed that is not properly dried can leave sharp odors of fish or ammonia.  A fruity smell can 

eventually develop in hempseed oil though the gradual production of aliphatic esters from oxidized 

fatty acids.  The taste and smell of paint in hempseed oil is the inevitable result of liberated free 
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fatty acids from the triglyceride and fatty acid oxidation.   

	

	
	

3.2.4 Hemp Seed Meal  

	
According to the FAO, the primary use of hempseed meal is for fattening cattle (supplements to 

3kg per day) and sheep (supplements to 0.5kg per day).   The main advantage of hempseed meal 

over rapeseed meals in animal feed is the lack of anti-nutritional components and toxic 

glycosides.   Notably, raw, whole flaxseed meal that has been heated only to ‘cold-pressing’ 

temperatures (e.g. 40-50 degrees Celsius) can be toxic to animals, especially if the seed or the 

cake is wetted before processing into feed.  Under moist conditions, the seed enzyme linease will 

release prussic acid (i.e. hydrogen cyanide gas) from the glycoside.   

 

3.2.5 Hemp Seed Hearts 

Hemp seed hearts are the very delicate inside core of the hemp seed.  It is the product of ‘de-

hulling’ which has relatively low yields, between 30%-60% due to the complexity and range of 
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factors involved including speed of spinning and the dryness of the seed. De-hulling is also 

conducted in other seeds including sunflower seeds. 	
 

3.2.6 Hemp Seed domestic supply chain  

 

Viable seed cannot cross state lines, whereas non-viable seed can, including sterilized (irradiated, 

steamed, roasted) hemp seed and processed hemp seed including de-hulled seed and crushed 

seed.  

 

To be compliant with the 2014 Farm Bill Act, all private growers of viable hemp seed must have a 

license from the appropriate Agricultural State Department.  In certain states, including Kentucky, 

every player in the supply chain who is involved with viable seed must have a license from the 

appropriate state department (i.e. processors).  This includes processing groups that do not even 

take legal ownership of the viable seed.  For example, a farmer who uses a local seed cleaner is 

‘taking custody’ and is required to apply for a permit from the respective Agricultural Department.  

There are some reports of a work around by sub-contracting specific tasks and the contractor 

operates under the contractee’s state license.   

 

The hemp seed is then stored in bins, plastic bags in cool conditions and in grain elevators.  The 

features of decay in hemp seed is an increase in oleic acid and a change in the composition of the 

fatty acid profile of the hemp seed.  One of the key attractions of hemp seed to consumers is its 

omega 3 to omega 6 ratio. The hemp seed is then processed to render it non-viable, at which 

point it can cross state lines.  The processing company then sells their products wholesale to retail 

manufacturers who have established brands and a strong sales team and distribution.  The unit of 

wholesale and the unit of sale is pounds.  Note that a bushel is 44 pounds although this is not the 

unit of sale.   Kilograms are the unit of sale for hemp meal.  Liters is the unit of sale for hemp oil.  

 

Anecdotally, some processors are trying to launch their own brands however this is likely an 

element of experimentation and small scale since larger brands dominate the distribution and 

demand channels.  For example, Nutiva and Dr Broenner’s have both publicly announced that 

they are willing to buy the entire stock of organic US hemp seed.  At present, the USDA is not 

certifying hemp as organic due to their desire for their General Counsel to clarify the 2014 Farm Bill 

Act.  This has proved frustrating to farmers, particularly in Kentucky given that there is a significant 
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amount of certifiable land in Central Kentucky, mainly pasture land. However, note that in horse 

farm areas, farmers have historically sprayed herbicides to destroy Broadleaf weeds.  

The processors are paying based on the price and amount of clean hemp seed.  Thus, the 

cleaning fee divided by the price of clean seed can be regarded as the effective weight lost due to 

un-cleaned seed.  The cost of delivery to the delivery point or the designated processing facility is 

the responsibility of the grower.  

 

3.2.7 Hemp Seed Harvesting 

	
Plants, which are grown for seed tend to be shorter and bushier than those that are grown for 

fiber. Some plants are ‘hybrid’ in that they yield considerable fiber and seed.  

 

Harvesting hemp seed usually occurs in early October when the plant is roughly sixteen weeks old 

and when the flowers are ripe and full of seeds. By this time, most of the plant leaf matter has 

fallen to the ground where it will compost and replenish the soil with nutrients. Hemp seed is 

harvested with a combine tractor. The tops of the plants are cut off and threshed. The cutter from 

a modified combine harvester is set at the lower end of the seed-bearing sections of the plant. 

The harvester must be kept at a high speed to insure a trouble-free harvest. Almost immediately, 

the seed is cleaned (for example with a winnower) to remove any stocks, leaves, and immature 

seeds. The cleaned hemp seed is then dried and then stored in grain bins.  

	

3.2.8 Hemp Seed global supply chain  

 

90% of hemp seed from Canada is exported to the USA.  Anecdotally, there are shortages of 

organic hemp seed, demonstrated by Nutiva offering to buy all USDA certified hemp seed.  Note 

that organic products do not necessarily have a fixed premium above the price of conventional 

seed.  There are rumors that one of Manitoba's main growers is potentially going to lose 

their organic certification.    
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3.2.9 Hemp Genetics 

 

One of the core genetic features of grain is its consistency of size as divergence makes 

processing more difficult and expensive.  For example, a seed cleaner works based on several 

key variables including the size, weight and shape of the seed.  Consistency of seed size is also 

important because it allows for the more efficient processing of seed without the need for constant 

re-calibration. Processors of seed are desiring bigger seed since it makes de-hulling easier.  

 

The biggest domestic supply chain constraint is the difficulty in accessing viable seed due to the 

regulatory complexities and the nascent nature of the industry.   There is also a degree of 

reticence for germinable hemp seed breeders to share their seed because some believe that they 

will not pay royalties on their use.   

 

A key genetic consideration is whether it is an auto-flowering plant or not.  An auto-flowering plant 

flowers not because day length but based on the number of fixed days from germination.  For 

example, Finola was historically a popular strain because it was auto-flowering.  However, the 

trade off with Finola is that it is very short and thus is not as able to compete with weeds during the 

early stage of its growth.  Strains of hemp which flower based on the length of the day will keep 

growing until it reaches this point of day length.  This makes harvesting harder since the plant is 

taller.  

 

Another key genetic and agronomy consideration is whether to grow hemp for dual purpose, 

which leads to a trade off. The best way of planting fiber is to tightly pack the hemp plants 

together, which reduces the percentage of shives and encourages thin, long fibers.  Conversely, 

hemp seed crops and hemp CBD are planted less densely to allow greater flower growth and to 

encourage more branching for pistons.  Equally, the maturity date for fiber and hemp grain do not 

necessarily align and thus are forced to make a trade off between better quality fiber and poorer 

quality seed.  

3.2.10 Global Hemp Seed market size  

	
The actual amount of US domestic hemp seed which accesses the national market is less than 

that which is produced.  This is because some of the seed is grown for replication or propagation 

i.e. seed that will be replanted.  From an agronomic perspective, 'certified of seed’ (i.e. propagation 

seed) and ‘food grade seed’ are essentially identical.  The only difference are the precise growing 
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conditions.  For certified seed, farmers must be very careful about genetic purity and therefore 

must farm in adequately isolated regions to ensure there is not cross-pollination with other 

cultivars.  Since propagation seed must be germinable, it cannot cross state lines without a DEA 

license and thus most of this seed remains within the cultivation state.  The same nuance does 

not apply to CBD production from ‘clones’ since multiple plants can be harvested from the cuttings 

of one ‘mother plant. ’ 

 

For the domestic US market, the ‘headline figure’ is the amount of acreage which has been 

approved for hemp cultivation.  There is however a ‘funnel’ with regard to how the amount of 

approved acreage equates to the final amount of output sold.  The funnel steps are as follows, 

with the total amount of acreage decreasing at each step:  

 

1. Acreage approved by the respective Ag department.   

2. Acreage actually planted by farmers.  Farmers may not plant as much hemp as they are 

authorized to do so because they grow another crop or have difficulty sourcing germinable seed.  

3. Acreage harvested.  As with all crops, there is crop damage or poor yielding crop which is not 

harvested since the effort is greater than the potential yield. The USDA collects figures on the 

harvested vs. planted ratio for established crops.   

4. Harvested product from acreage sold to market. Not all the product which is produced will be 

sold onto the market if there is not sufficient demand or some is damaged during storage.   

 

See Hemp model for a more detailed market sizing breakdown. 

3.4 High CBD Hemp 

3.4.1  Processing stages  

The production cycle of CBD has more nodes than the hemp seed supply chain as the industry 

has not coalesced around one defined production process.  This is in part due to the nascent 

nature of the industry but also because whole hemp plant extract can be extracted as a direct 

product or as a byproduct.  Specifically, plants grown for CBD oil have a high CBD content as a 

percentage of total weight. In addition, depending on the precise way in which it is grown, it will 

have a large number of seedless buds or flowers (sensimilla). Equally, CBD production can be 

also derived from the trimmings or ‘waste’ product from other hemp verticals, which are low in 

CBD.  
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CBD from hemp can be extracted from either wet or dry hemp.  The benefit of using wet material 

is that it does not need to be cured and can reflect a broader terpene profile.  Dried hemp also can 

be stored as well as being more efficient at being transported (i.e. weight to CBD ratio).  In 

addition, water is difficult to deal with in an ethanol extraction since water and ethanol are soluble 

in each other.  As a result, it makes it difficult to separate the water out effectively.  Heating the 

mixture to evaporate the water may volatize the terpenes.  CBD can also be extracted from flash-

frozen hemp which minimizes the water extraction.  Equally, the trichromes can be mechanically 

knocked off from the flower, which means that there is no plant material (and the associated 

chlorophylls and pigments) that needs to be removed through winterization.   

 

Pelletization:  hemp material can be pressed into pellets with presses.  This makes 

transportation more efficient (less wasted space in a container) compared to transporting the raw 

plant, however it reduces the surface area for extraction.  As a result, this may reduce the 

eventual yield of the extract.  In addition, the process of pressing generates heat which may ‘throw 

off’ some of the terpene profile, which is desired by some purchasers in the industry.   

 

Crude Hemp CBD 

Extract 

High CBD 
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Trimmings from low 

CBD hemp 

Hemp flowers 
Desiccated 
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The degree of processing for plant material to be considered “non-viable” is still unclear and 

has not been defined through case law.  Trimmings (to form clones) can be viable up to 96 hours 

and will survive as normal if they are put in water.  Drying the material beyond a certain threshold 

will make the material non-viable, but this precise level is unknown and is variable.  The same 

laws apply to import as those to cross state lines.  Thus, since there has been no exclusion of 

industrial hemp from the Controlled Substance Act, hemp plants, hemp flowers and germinable 

cannot cross state lines without a permit from the DEA.   As such, only crude hemp CBD extract, 

refined hemp extract and CBD isolate are deemed non-viable and thus can be transported 

across state lines. As such, historically, the earliest element of the supply chain on US soil was the 

crude hemp CBD extract, which was subsequently processed.  

 
Extraction:  The process of CBD oil extraction involves removing any non-active components of 

the plant. CBD extract can be processed in any of the following designated types:  

§ Solvent extracted (state solvent used) including: 

o C02 (Super- or Sub-Critical CO2 Extraction)3.   Three fractions are typically 

collected in ‘collection baskets’.  In one the collection is principally terpenes, the 

second is cannabinoids and the third is a mixture of fats and waxes with some 

cannabinoids.  The collection or ‘fraction’ of terpenes is considered to be a 

byproduct and is being bought as a separate product due to its unique profile.   

o Butane 

o Ethanol 

§ Expeller pressed 

§ Mixtures of any of the above types (in which case the seller should specify that the 

analysis be made corresponding to one of the specific types).  

 

																																																								
3 When the pressure and temperature of the CO2 are above 1083psi and 88F, the CO2 is considered “supercritical”. If 

the temperature is dropped below 88F the CO2 changes to a liquid and referred to as “subcritical”. Both supercritical 

CO2 and subcritical CO2 act like a solvent and can extract oil from plant materials. When the pressure of the CO2 is 

decreased (typically to below 600psi) it converts to a gas and loses its ability to hold oils in solution and separates the 

extracted oil from the now gaseous CO2. With respect to plant oil extractions, subcritical CO2 has lower solvency power 

and thus tends to pull mostly lighter oils and leave behind most waxes, paraffin and resins. Subcritical CO2 is also relatively 

cold and thus is very effective at extracting	temperature sensitive volatile oils. Subcritical CO2 is great at extracting and 

preserving light oils from the plant material, but extraction times can be longer	and	yields are generally	lower due to the fact 

that there will still be residual waxes and resins that are left behind in the plant material. Supercritical CO2 can be a much 

stronger solvent than subcritical CO2 and in addition to	extracting	the lighter oils, supercritical CO2 can also extract 

the	higher molecular weight materials (like waxes, parafins, lipids and resins) from the plant allowing for higher yields and a 

more complete extraction. The stronger solvency power also makes the extraction times faster.  
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There are a number of commercial reasons why different extraction processes are conducted.  

Notably, ethanol has strong solvency power and can penetrate between the plant cells because 

its polarity which causes it to interact with fats and lipids.  Ethanol is also relatively cheap, is 

reusable and benign.  Different extraction methods lead to different colored extracts (although 

they will converge once the extract is further processed and distilled).  Butane is becoming less 

popular because it is tightly controlled by many states due to its combustible nature, but it is also a 

neuro-toxin which optically is not attractive for something consumed by humans.   

 

After the initial extraction, the material still has significant quantities of fats, sugars, and other 

organic material present.  The precise nature of the next processing stages depends on how the 

product is going to be used and thus there is room for greater differentiation.   

 

The first process is to "winterize" or dropping out ballast. 

 

Winterization:  Winterization ‘precipitates’ (i.e. removes) waxes, lipids and other starches and 

sugars.  This involves dissolving the material in EtOH and then allowing the organic material to 

precipitate out.  This is achieved by changing the the solubility of the organic plant matter.  The 

colder the extract the more effective the winterization process is since it reduces the solubility of 

the plant material and as such is normally conducted at -20 degrees Fahrenheit, the temperature 

of a regular freezer.  The winterization process can be repeated to increase potency and is 

normally carried out up to three times to get to a suitable level of processed crude material for 

purification.  Color is not changed during this stage of processing,  but potency is increased.   

 

The extract post-winterization can be further purified, which may be through either distillation, 

SFC (super critical fluid chromatography), or even conventional solvent based 

chromatography.  The goal is to ‘clean’ the color of the extract so that is a yellowish hue. The 

material coming out at this stage is ready for formulation.   The degree of purification depends on 

the nature of the product.  For example, a company may use an extract with plant material and 

market the additional benefits of sterols and acids.  Conversely, the less plant material in an 

extract, the easier it is to refine into products.  Principally, when making a product, the purer the 

extract the easier it is to measure the precise quantity.  In addition, the purer the product, the 

better it reacts with binding agents. Equally, when vaping hemp extract, lipids can make it difficult 

to burn.   

 

Decarboxylation: Depending on the extraction process, some decarboxylation may have 
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occurred during extraction, specifically with C02 extraction (since the pressure is above 1800 psi 

and the temperature is above 31 degrees centigrade).  In industrial hemp, CBD-A is the naturally 

occurring phyto-cannabinoid. The classical cannabinoids, i.e. CBD, are formed through 

decarboxylation of their respective 2-carboxylic acids (2-COOH), a process which is catalyzed by 

heat, light or alkaline conditions.  This stage of processing will only be conducted if CBD is the aim 

and is to be consumed orally or via a topical.  If the product is to be smoked or vaped, the CBD-A 

will be naturally de-carboxylated.   

 

Crystallization: The extract can also be processed into crystalline CBD extract (CBD: 95%+).  

This is an odorless product, which should closely mirror artificially created CBD in profile.  The 

benefit here is that one needs to consume less material to get a gram of CBD.   

Crude Hemp Extract  

Viscosity 

 

The viscosity of an extract is determined by the amount of chlorophyll and sterols present. Waxy 

or wax-like.  Separation of components within the extract may occur over time to give the 

appearance of heterogeneity.  

 

Color  

 

The color of the extraction differs because each process pulls out different pigments and 

chlorophylls.  The color is important in revealing if the CBD has been oxidized (i.e. extracted under 

too hot a temperature) which is demonstrated if the product is brown or black.   

 

• Super Critical CO2 - Non-translucent, may be dark orange to deep amber. 

• Alcoholic – Non-translucent, dark green / brown 

• Hydrocarbon – Non-translucent, may range from dark brown/black to light brown. 

 

Aroma  

 

As a single molecule, CBD, has no aroma and has a bitter, astringent taste.  In CBD extract there 

is a host of other molecules, i.e. terpenes, flavonoids, organic plant material, that may contribute to 

the potentially wide ranging aroma of CBD extract from different sources.  Considering this, 

standardizing or quantifying the acceptable aroma of CBD extract remains a challenge.   
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That being said, the organoleptic qualities of CBD extract should not be repulsive when smelled or 

tasted.   

 

Crude CBD extract may have a pungent or strong smell as it contains high concentrations of 

terpenes (essential oils) and other aromatizing compounds.  Again, the crude CBD extract should 

not be rancid or repulsive in any way. 

 

Minimum Standards  

 

• Pesticide free 

• Microbial free 

• Minimum terpene profile 

 

Refined Hemp Extract 

 

Color  

 

May be a homogeneous resin free of inclusions, or may be partially solid or solid as nucleation 

events in resin lead to crystallization. May have reddish amber color or golden hue.   

 

Aroma  

 

Refined CBD extract aroma may range from having an almost buttery / earthy scent to no scent at 

all.  The refined products aroma should be much less potent than that of the crude CBD extract	

 

3.4.5 Scientific context of CBD extract 

	
In industrial hemp, CBD-A, a phyto-cannabinoid, is present.  Phyto-cannabinoids are 

cannabinoids that occur naturally in the cannabis plant. The classical cannabinoids, i.e. CBD, are 

formed through decarboxylation of their respective 2-carboxylic acids (2-COOH), a process 

which is catalyzed by heat, light or alkaline conditions.  

 

Cannabinoids are detected by endo-cannabinoid receptors in the brain (the most numerous 

receptor in our brain).  Not that many other plant product are detected by proteins in the 
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endocannabonoid system, including  hydrolytic enzymes that control endocannabinoid levels.  

(See Gertsch et al, 2010). 

 

CBD is a potent oil-soluble anti-oxidant and a useful phytochemical marker.  CBD is non-

psychoactive and actually attenuate the putative psychoactive effects of THC levels principally by 

binding to cannabinoid (CB1) receptors in the brain (Pertwee, 2008) (effect on the liver and its 

impact on the breakdown of THC is also a factor, but less well documented). 

 

CBD extract is currently used in neutraceuticals (consumed orally) and topicals, such as skin 

lotions, lips balms, sprays for the purpose of treating pain, soreness or inflammation.  If an extract 

is very potent in terms of cannabinoids and purity, it will ‘bubble’ when burnt.  Although the CBD 

compound can be manufactured artificially, the market largely looks for a ‘whole plant’ extract. 

When CBD is extracted from the raw plant material, the spectrum of flavonoids, terpenes,  

ketones, esters, lactones, alcohols, fatty acids, steroids (all of which are not cannabonoids) and 

other cannabonoids (such as CBG, CBN) together create an 'entourage effect'.  The effects of all 

these chemicals working together and regulating each other will be much different than the effects 

of any one chemical working alone. In fact, the ‘entourage effect’ was a term coined by Dr. Ethan 

Russo, who, in 2011, published a paper in the British Journal of Pharmacology describing the 

synergistic contributions of other compounds with cannabonoids. Notably, terpenes, the 

molecules responsible for the plant’s smell, have been shown to block some cannabinoid receptor 

sites in the brain while promoting cannabinoid binding in others. As a result, terpenes are believed 

to affect many aspects of how the body absorbs CBD, while offering various nutraceutical benefits 

of their own.  

3.4.6 High CBD Hemp Harvesting 

	
The cultivation of outdoor CBD hemp is largely replicating the tobacco approach of green housing 

seedlings (or clones) and planting in ‘patches’ of a couple of acres. Farmers transplant the 

seedlings using a cedar from the greenhouse to outside.  There is a good similarity to tobacco 

farming which is very labor intensive, similar to CBD hemp.  However, high CBD hemp is also 

being cultivated using seeds and indoors using hydroponics (predominantly in Colorado), under 

similar conditions as tomato cultivation.  

 

CBD cultivation aims to grow sensimilla - unfertilized flowers.  This is because the production of 

seed diverts energy away from producing cannabinoids, including CBD.  Concerns about the 
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quality and amount of heavy metals in hemp extract have been particularly heightened since a 

widely disseminated report by Project CBD entitled ‘Hemp Hustlers’.   The report faced a 

number of criticisms for inaccuracies and was forced to make a number of retractions following a 

strong rebuttal by a number of industry groups.  Despite criticisms of the report’s accuracy, it did 

heighten the industry’s sensitivity to testing especially given that since CBD is concentrated at 

each level in the supply chain, all components (including potentially heavy metals) are 

concentrated, which can present a health hazard if cultivated from contaminated hemp.   

 

Hemp can be harvested specifically for CBD extraction or the by-product material.  In the former 

scenario, the hemp tops (top third of the hemp plant) or the ‘flower’ can be mechanically cut. 

Equally, the whole plant can be harvested by around 90% of the CBD oil originates from the 

flower. The flower is sensimilia, which means that it is seedless. If a plant begins to seed, it diverts 

nutrients away from growth and maturity and thus the quality and quantity of oil is materially 

affected.  When CBD material is collected as a by-product, if the plant is harvested for fiber, the 

hemp top can be mechanically cut just before the stems are collected for fiber.  If hemp is grown 

for hemp seed, the flower and leaves can be collected after being separated from the seed.  

 

3.4.7 Global Supply Chain 

Because of the historic laws preventing the cultivation of industrial hemp in the United States, the 

most established processors have contracted high CBD hemp material from the European Union.  

The largest processors of hemp, including PNX Botanicals, CV Sciences and General Hemp, 

forward contract high CBD hemp material from farmers.  They also source the seed cultivars for 

farmers.  These companies will then either pay for the processing of hemp pellets or for crude 

extract (‘the first run’), which is then imported into the USA and wholesaled.   The pellets are sold 

by the metric ton and are typically stored in nitrogen injected bags.  The crude extract is sold by 

the amount of CBD.  It is sold in 1 liter - 26 liter nitrogen sealed drums, HDPE drums or in opaque 

packaging and kept refrigerated.  

 

There is a legalistic rationale behind the current supply chain of forward contracting from 

processors.  All hemp products must be sourced from plants with less than 0.3% THC.  To 

guarantee this in a complex legal patchwork in Europe can only feasibly be achieved by strict 

forward contracting.  Specifically, in Europe, hemp is defined as a cannabis plant with less than 

0.2% THC on a dry weight basis. The European Community established standards for hemp in 
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1970 but it was not legal in every member state.4  For example, the United Kingdom did not 

legalize hemp production until 1993 and Germany in 1996. Conversely, hemp production in many 

European countries, notably France and Finland, has never been prohibited.  To cross country 

lines, the hemp must be an approved EU cultivar (principally, have a THC level of below 0.2%). 

However, each country can grow different varieties (with a THC level of greater than 0.2%) within 

their borders.  For example, Poland has relatively relaxed laws with regard to pharmaceutical 

crops.  In addition, Switzerland regards hemp as any cannabis plant with THC below 1%.   

 

Hemp crude extract is typically imported into the US and wholesaled due to the regulatory 

framework.  Since there has been no exclusion of industrial hemp from the Controlled Substance 

Act, hemp plants, hemp flowers and germinable cannot cross state lines or be imported without a 

permit from the DEA.   Some lawyers take a different reading based on the established common 

law and interpretation of EU law.  For example, Patrick Goggin, a pre-eminent hemp lawyer 

regards the Industrial Hemp Act and European legislation to define industrial hemp as “the 

Cannabis sativa L. plant with less than 0.3% THC in its flowers.”  This is despite the context that 

the contradictory legislation of the Controlled Substance Act defines marijuana as “all parts of the 

plant Cannabis sativa L.”  Hemp flowers are traded in Europe, but they very rarely cross country 

borders and thus this interpretation does not have established case law.  The reality for US 

operation is that hemp flowers or first-level processed hemp may including hemp pellets and 

desiccated hemp may have germinable hemp seeds present.  This incongruence between hemp 

legislation and the controlled substance act has only existed with the development of CBD.  

Previously, there were no known commercial uses of low THC hemp flowers.  Other hemp 

products are exempted since the CSA does not include “mature stalks of such plant, fiber 

produced from such stalks, oil, or cake made from the seeds of such plant, any other compound, 

manufacture, salt, derivative, mixture, or preparation of such mature stalks (except the resin 

extracted therefrom), fiber, oil, or cake, or the sterilized seed of such plant which is incapable of 

germination.”   

 

However the reality is that companies would prefer to not operate in the legal gray and thus have 

tended to focus on crude extract.  It is clear from the 2004 HIA v. DEA case that Congress 

intended “to exclude non-psychoactive hemp from regulation is entirely clear…[DEA] cannot 

regulate naturally occurring THC not contained within or derived from marijuana – i.e., non-

																																																								
4 Council Regulation (EC) 1672/2000 mandated a reduction from 0.3% to 0.2% Tetrahydrocannabinol for approved hemp 

varieties, beginning with the 2001/2002 marketing year. To better regulate the THC content of authorized hemp production, 

Member States must develop a system for verification on 20-30% of the areas grown for hemp fiber. 
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psychoactive hemp products – because non-psychoactive hemp is not included in Schedule I.   

 

Additionally, there is are commercial reasons for the wholesale, non-forwarded traded element of 

the supply chain being crude extract.  Transporting raw hemp material is very inefficient from a 

transportation perspective.  Equally, the further down the supply chain, the more differentiation 

there is in the product and the less homogenous the product becomes.  This makes sense given 

the variety of processes that can be carried out including further refinement, fractionation, 

winterization, distillations and emulsions, etc.  In addition, decarboxylation is not required for vaped 

products and some manufacturers want a less purified product so that the plant extract includes 

the chlorophyll and sterols. Equally, although some limited decarboxylation will occur in CO2 

extraction, CBD-A is a more flexible compound.  CBD-A itself is regarded as having benefits 

aside from CBD.  The viscosity of the product also is dependent on the use.  For example, 

manufacturers want a very precise viscosity to effectively be sold in oral syringes.  

 

Therefore, the processors are essentially taking on the price risk as is the case in many other 

agricultural commodities.   In essence, the current schema is a balance between cost of 

transportation, legalistic considerations and wanting a homogenous product which gives it the 

most versatility.   

 

Companies are increasingly looking to source US sourced hemp. CBD oil is produced either 

directly from cannabis flowers or indirectly as a co-product of the flowers and leaves that are 

mixed in with the stalks usually during hemp stalk processing for fiber.  

 

The price of CBD is priced per gram of CBD but the crude extract does express one main 

difference.  Specifically, a higher potency extract needs less purifying (i.e. output from mass is 

greater with same level of processing) which is a cost of production.  In addition, if you have a 

relatively high THC:CBD ratio product (i.e. THC is approaching 0.3%), the less potent the extract, 

the less versatile it is in terms of being appropriate for concentration.  With the current state of 

technology, separating CBD from THC is not easy or inexpensive.  The precise separation 

methods include chromatography to separate CBD from THC (based on molecule itself).  Thus, 

when you concentrate CBD, you are also concentrating the THC.  Thus, although priced per gram 

of CBD, the price per gram is not linear with potency.  Thus, much like silver and gold bars, the 

extract is priced primarily according to the percentage of pure CBD in a quantity with increasing 

premiums for the convenience of purer concentrations. Color also is dependent on the extraction 

process but further down the supply chain, with purification, the colors converge.   
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The shelf life of CBD oil is upwards of 3 years if stored in a dark, cool place (i.e. refrigerated).  

There is no risk of a change of ‘legal’ oil below the threshold of 0.3% becoming ‘illegal’.  Notably, 

THC appears to degrade at a higher rate for the first year than for subsequent years. One study 

suggests that samples with a ratio of CBN to THC of less than 0.013 are less than six months old, 

and those with a ratio between 0.04 and 0.08 are between one and two years old. However 

variations from experimental conditions should be considered when using this approach to 

estimate the age of cannabis samples. 

 

Retail facing CBD manufacturers or ‘formulators’ will typically buy the raw CBD extract (7%-15%) 

and produce a number of products including producing aqueous CBD and mixing into drinks or 

lotions, amber refined extracts to put into tinctures, gel caps or vape cartridges.   

 

Turning to the marketing facet of the supply chain, the FDA has concluded that CBD products are 

excluded from the dietary supplement definition.  The FDA virtually regulates all facets of dietary 

supplement manufacturing, labeling and advertising. In February 2016, the Food and Drug 

Administration (FDA) posted eight warning letters issued to companies marketing products 

labeled as dietary supplements containing cannabidiol (CBD).  In six of the eight letters, FDA 

reiterated the agency’s position, first outlined in 2015 on its FDA and Marijuana: Questions and 

Answers webpage, that the definition of “dietary supplement” under section 201(ff)(3)(B)(ii) of 

the Federal Food, Drug, and Cosmetic Act (FFDCA) (21 U.S.C. § 321(ff)(3)(B)(ii)) excludes CBD 

products because of the existence of publicized and substantial Investigational New Drug (IND) 

clinical investigations involving CBD.  

 

The case of Pharmanex v. Shalala (involving Cholestin and red yeast rice) and the administrative 

proceeding regarding pyridoxamine provide a framework and lessons to consider when evaluating 

a potential CBD supplement industry approach to FDA’s recent escalation of the situation.  

 

According to Dietary Supplement Health and Education Act of 1994 (DSHEA), dietary 

supplements may contain a vitamin; a mineral; an herb or other botanical; an amino acid; a dietary 

substance for use by man to supplement the diet by increasing the total dietary intake; or a 

concentrate, metabolite, constituent, extract, or combination of any of these ingredients.  CBD is a 

constituent of a botanical so it ostensibly meets the definition of a dietary ingredient.  However, 

there is an exclusion clause that states that a substance cannot be a dietary supplement if it is 

already registered as a pharmaceutical, or if it is the subject of an Investigational New Drug (IND) 
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application that has been publicly announced and for which substantial clinical investigations have 

commenced. This is the clause that FDA alleges applies to CBD supplement products. In the 

FDA's own language from their website, "FDA considers a substance to be 'authorized for 

investigation as a new drug' if it is the subject of an Investigational New Drug application (IND) that 

has gone into effect."   Essentially, the FDA has the ability to forever preclude as a dietary 

supplement an ingredient once it has received IND status.  

 

The law defines a new dietary ingredient as an ingredient that was not marketed in the U.S. before 

Oct. 15, 1994.  As FDA noted in the Question and Answer webpage referenced above, FDA 

states that at least two CBD studies have already begun and been publicized: the investigations 

regarding Sativex and Epidiolex sponsored by GW Pharmaceuticals. In 2006, GW announced that 

FDA had accepted its IND application for Sativex, an oromucosal spray containing both tetrahy- 

drocannabinol (THC) and CBD that is intended to treat pain in cancer patients. GW has also 

publicized FDA’s acceptance of multiple INDs for Epidiolex in 2013, a product candidate 

containing CBD that is designed to treat Dravet syndrome, Lennox-Gastaut, and other pediatric 

epilepsy syndromes.  In the six warning letters and on its webpage, FDA asserted that CBD was 

not “marketed as” a dietary supplement or as a conventional food before FDA accepted these 

INDs, thereby precluding its marketing as a dietary supplement. FDA based its conclusion on its 

review of the “available evidence” but encouraged the recipients of the warning letters, as well 

as stakeholders generally, to provide evidence bearing on this issue.  

 

The basis of the letters are rejected by many in the industry as inaccurate.  It is also salient to note 

that the letters do not represent the initiation of a formal administrative proceeding, which FDA has 

previously used to determine whether the definition of dietary supplement.  Specifically statements 

published on the FDA's website may be considered one of the following: position, guideline, or 

policy. The Q&A Posting is not an official action by the FDA; it is simply a position within a 

subsector to a much larger conversation. The nature of the position on CBD was published under 

the umbrella of Marijuana Questions and Answers, subsequently inviting solicitation and confusion 

from the industry. This may be considered prejudicial based on the controversial nature of the 

issue (marijuana cannabis vs. hemp cannabis) at hand.  

 

Many in the industry fall back on the exclusion to the above rule if a product was marketed as a 

dietary supplement before substantial and public medical. They argue that they can evidence that 

CBD was marketed as a dietary supplement before the date it can be deemed that substantial 

and public research had been conducted into CBD, principally by GW Pharmaceuticals.  The law 
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firm Hoban and Feola is pulling together marketing historic materials from CBD manufacturers in 

the event of a legal case. The company, Dixie, is one the earliest known companies to market 

CBD in 2012.  Other commentators take a more expansive view to CBD and cite that cannabis 

was sold as a supplement prior the 1937 Marijuana Tax Act (there are over 2000 entries in the 

American Pharmacopeia making reference to cannabis).  Another argument is that CBD was sold 

legally in CA as part of jurisdictionally legal medical marijuana.  However, this argument is unlikely 

to be recognized since CBD was not legally marketed (under federal law) in CA if it came from 

marijuana. 

 

The FDA has informally invited public comment on whether evidence exists that CBD was 

marketed as a dietary supplement or as conventional food before the start of substantial clinical 

investigations involving CBD.  There is also doubt surrounding the degree to which GW’s research 

could be deemed as “substantial” given public investor actions in 2016 against the company for  

for failing to invest in clinical trials and sitting on their patents.  There is also additional nuance 

since Sativex (2006) was not a pure CBD product but rather a 50/50 THC/CBD (isolate). 

 

A less compelling argument that is sometimes made by industry participants relies on the Dietary 

Supplement Health and Education Act of 1994 creating two categories of dietary supplement 

ingredients of "grandfathered" ingredients and "new dietary ingredients." DSHEA grandfathered all 

dietary supplement ingredients marketed in the United States before Oct. 15, 1994. These 

‘grandfathered supplements’ are considered safe for continued consumer use and thus do not 

need to consult the FDA.   Conversely, the law states that before marketing a "new dietary 

ingredient," (NDI) manufacturers must provide FDA with their basis for judging that the ingredient 

"is reasonably expected to be safe." This information must be provided at least 75 days before 

marketing a new ingredient. 

 

If all such arguments fail (and others are not found), a potential avenue is filing a petition.  In FDA’s 

Draft Guidance for Industry: Dietary Supplements: New Dietary Ingredient Notifications and 

Related Issues IV. D. 8 (July 2011), FDA provides its interpretation of this language as follows:  

The general rule is that an article that has been authorized for investigation as a new drug or as a 

biologic before being marketed as a food or as a dietary supplement cannot be marketed as a 

dietary supplement if substantial clinical investigations of the article have begun and the existence 

of such investigations has been made public. FDA can create an exception to this prohibition by 

regulation, but only if the agency finds that the use of the article in dietary supplements would be 

lawful. To date, no such regulations have been issued, but is an interesting possible intersection 
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between regulators and politicians. The appropriate mechanism to request such a regulation is to 

file a citizen petition under 21 CFR 10.30.  

 

These issues are not entirely unique to hemp and indeed health claims can be made about foods 

if approved by the FDA.  Oats is the perfect example.   Under current FDA regulations, products 

low in saturated fat and cholesterol and high in soluble fiber are able to claim that they reduce the 

risk of coronary heart disease.  The fiber contained in whole oat is called beta-glucan soluble fiber, 

and is found in oat bran, rolled oats and whole oat flour.  

 

Another example is that, in April 1997, Pharmanex, the manufacturer of Cholestin, a red yeast rice 

dietary supplement, contained mevinolin.  Mevinolin is is chemically identical to the active 

ingredient in the approved new drug Mevacor (lovastatin). On this basis, FDA advised Pharmanex 

of its position that Cholestin was a drug requiring FDA’s approval.  Counsel for Pharmanex 

maintained that red yeast rice was an ingredient with a documented history of food use going back 

nearly a millennium.  FDA ultimately decided against Pharmanex with respect to Cholestin.  In FDA

’s view, Pharmanex’s product did not contain traditional red yeast rice as that product had 

historically been manufactured and sold.  Instead, Pharmanex had specifically manipulated its 

Cholestin supplement through the production process so that it would contain higher levels of 

lovastatin. Accordingly, FDA concluded that Cholestin containing lovastatin was an “article” that 

had already been approved as a drug and was therefore excluded from the definition of dietary 

supplement.  This matter was by no means clear cut.  Following the adverse administrative 

decision, Pharmanex led suit seeking a declaration that the FDA decision was arbitrary, 

capricious, and not in accordance with law. The district court agreed with Pharmanex that the term 

“article” did not refer to a mere ingredient in a drug.  However, the appellate court reversed, 

agreeing with FDA in finding that a previously approved “article” could include a specific active 

ingredient or the approved drug product itself.  The court expressed concern that permitting 

manufacturers to market dietary supplements with identical active ingredients to approved new 

drugs would undermine the new drug development process.  Cholestin containing red yeast rice is 

no longer available as a dietary supplement in the U.S. However, dietary supplements that contain 

red yeast rice are widely marketed, and FDA tests such products from time to time to determine if 

they contain lovastatin at or below the levels of traditional red yeast rice products.  The FDA’s 

decision turned on the facts concerning how the product was manufactured and promoted, 

including that it had been engineered to have levels of lovastatin more similar to those found in an 

approved new drug than to the levels found in traditional red yeast rice products.  With regard to 

CBD, CBD is concentrated through the processing stages.  However, it is unclear what the stance 
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will be on cross-breeding of hemp plants to increase the CBD present, much like in wheat, the 

goal is to increase the percentage of protein.   

 

There are a number of differences between marketed as a food or as a dietary supplement.  

Principally, DSHEA requires the name of a dietary supplement to include the word "supplement.”  

DSHEA requires dietary supplement labels to list the name and quantity of all nutrients or other 

dietary ingredients in the product and to bear nutrition labeling.  Most wholesalers simply avoid any 

descriptive nomenclature and simply refer to hemp.  The marketing issues relate mostly to the 

retail market but there may be blowback effects earlier down the supply chain.  FDA is concerned 

about labelling because it may alter people’s behavior from taking their medication.  The most 

responsible processors of CBD have withdrawn from selling products to those few retail-facing 

manufacturers who have made health claims.  This is part of a broader focus on the ‘self-

regulating’ nature of the industry.   

 

3.4.8 Grading 

 

CBD concentration equates to the net CBD component (i.e. percentage of mass CBD in a given 

mass sample). 

 

Total CBD content (CBDT) is calculated by combining the concentration (C) of both the neutral 

component (CBD) and the acidic component (CBDA).  Due to the carboxylic functional group of 

CBDA, total value of CBDA must be multiplied by a factor of 0.877, to account for the molecular 

weight of the carboxylic functionality. 

 

CCBDT = CCBD + (CCBDA * 0.877) 

 

This same methodology should be applied to all other cannabinoids in ratio greater than 1%.  

To calculate total CBD content compared to total cannabinoid content, the following equation is 

used: 

 

TCBX(T) = (CCBX(T) * VSample*D)/(XSample*106) * 100%, 

 

where: 

 

TCBX(T)  =  (total) cannabinoid content in the material (% weight); 
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CCBX(T)  = (total) cannabinoid content in the sample (μg/mL); 

VSample = sample volume (mL); 

X =dilution factor; 

MSample = sample mass (g) 

  

Quantification is established from using least squares regression for each cannabinoid compound 

employing the following equation: 

 

y = mx + c 

y = peak area of individual cannabinoid; 

m = slope of calibration curve; 

x = concentration of individual cannabinoid in sample (μg/mL); 

c = calculated y – intercept of calibration curve 

 

3.5.9 Global Market Size  

 

A report by Renee Johnson from the US Congressional Research Service is widely cited as the 

basis for global market sizing, however one of its principal gaps is in ignoring the CBD market.  

The global CBD market is still emerging and thus the confidence bounds are somewhat wide, but 

we take a conservative approach to modelling.  The key determinant is the concentration of CBD 

in the flower of the hemp plant.   

 

The price of crude CBD extract is determined by two variables: price per milligram (P) and 

Milligrams present in finished material (M). Milligrams is the measure of retail servings, but grams 

are more typically used in the wholesale market.  The typical crude extract will have a CBD 

percentage of the 25-45% range minimum.   

 

Tobacco densities are 7000 plants per acre and the suggestion is that similar densities may be 

appropriate for hemp.  Anecdotally, farmers have been planting fewer plants per acre, nearer to 

1600 plants.  Note that field-scale multi-acre high CBD hemp systems are brand new.  There is 

much that agronomists do not know and most work has attempted to extrapolate from marijuana 

systems. There is still much to learn on how to grow cannabinoids on a field scale. 

 



	

Confidential	Treatment	Requested	by	Seed	CX	Ltd.	 Page	33	of	33	

David Williams from Kentucky University adopts a more aggressive modelling approach than 

Seed’s research team (see Hemp Model) citing that “early, non-replicated information indicates 

yields of around 500 pounds of dry, high CBD plant material-female flowers.  If we assume 5% 

cannabinoid content by weight, this would equate to 25 pounds of extract per acre. At 2 cents per 

milligram this would roughly equal $225,000 per acre for raw, wholesale CBD plant extract.”  As of 

July 2016, the wholesale crude extract price is around 0.5 cents per milligram.  

 

These economics can sound extraordinary but hemp displays many of the economic features as 

the crop that it is replacing; tobacco. With hemp, as with tobacco, you have to harvest the crop, 

dry it, mill it and bifurcate it by bundling it.  This is compared to Whole Plant Extract, which is 

usually extracted via a sub- or super-critical extraction method.   As a simple comparison, the 

finished nicotine product costs around 2.5 cents per milligram. You can see, that as you get 

further down the supply chain, and the product becomes increasingly refined, the nicotine price to 

Whole Plant CBD Extract price are relatively analogous.    

 

In Canada, currently, the flowers, cuttings and trimmings of the hemp (which is grown for Seed 

and thus very low in CBD but still present) are left on the field as fertilizers. CBD cannot be 

extracted from them since it is considered a Type 2 Drug.  With the inauguration of a new 

Canadian government in 2015, the law on CBD extract is likely to change in Q2 2016. The 

government plans on introducing legislation that would remove cannabis and its constituent parts 

from the Controlled Drugs and Substances Act, including CBD oil.   This will open up a huge 

potential market from what is currently considered a waste byproduct. Assuming a CBD 

percentage of 1% (i.e. no high CBD cultivars specifically cultivated), the total volume of CBD from 

byproduct waste could be 240,000 kg.  

 

	


